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AMBIICA'S FIRST L0N3-RANG&NZSSIIE iWD SPACE 
10FIX»ATICM PROGRAM: TIC (XCCIT PROJECT OP 
THE JET PRCmSIQN LABCCATOnr, 1943>19^: A »BDIR^ 

PTMik J. Mallna (USA)"*^ 

I. nmmmoN 

The years covered by this memoir, contrasted to those discussed In njy llrst two 
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memoirs, * were extremely hectic. It is very dlfflwUlt for me evoi now to draw anything 
like a clear and ccAierent picture of them. Nevertheless, by drawing attention to unpiA>- 
lished material available in the archives of the Jet Prqpulslon Laboratory, I hope idiat I 
have to say will be of use to historians of astronautics. 

Betwemi 19^3 and 19^7 I became increasingly Involved as an adninlstratar of 
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research. The Air Corps Jet Propulslcn Research Project, GALCIT, which nuibered around 
83 persons in 19^3> grew to around 400 by 1946, and the amount of money to wosry about 
Increased n?om hundreds of thousands tc mUllons of dollars annually. Although directly 
acquainted with all that was taking place on the Project up to 1944, both as regards ideas 
and their execution, by 1946 I was aware of more and more research activities ^t in less 
and less detail, and little of ny time was fhee for carrying out research of ny own— a 
situation unpleaslng to one of ny tecijeramait. 

Thtcdore von lSaimn*s comectlon with tte California Institute of Ttechnology 
(Caltech) became increasingly* tenuous in 1942, and in 1944 he became absorbed witii acti- 
vities in Washington, D.C. tdiere he toc^ ig> residence. Consequently, in 1944 I took 
over contract negotlatlcHi from both technical and management points of view, tasks that 
required frequent trips to Wrl^t Field at Dayton, Ohio, to Washington, D.C., and tc other 
places. Life became a "betwemi ^rlps" kind of existence. 


^Presented at the Fifth History of Astronautics Synposium of the International 
Academy of Astronautics, Brussels, Belgium, September 1971. 

^Co-Pounder and Director (1944-1946) of the Jet Propulsion Laboratory, California 
Institute of Technology. Tiustee-Past President, Intematloial Academy of Astronautics. 



By 19^4 it Mas fairly evident that World War II would end in the defeat of the 
forces of fascism in Germany* Italy and Japan. But Nhat then? In 19^5 the harnessing of 
atonic energy for destructive purposes was demonstrated at Alamogordo* New Mexico, and 
then at Hiroshljna and Nagasaki* Japan. As I was drawn into the councils of those with 
military responsibilities, I participated more and more in discussions of what should be 
done in the next war with long-range rocket missiles. Obviously* if atom bombs could be 
made light enough* they could be used as missile wart»ads. Such deliberations becane more 
and more distasteful to me as the months went by. I had long beoi convinced that war 
between or by states with advanced technology was a form of national insanity* evmi before 
a way to release nuclear energy had been found. It seemed to me that ideas and effort 
were i^ally needed now to find ways for "sovereign" states to function in peace together* 
rather than to develop better means of destroying themselves. 

By 1946 I was mentally and physically exhausted. Gener U '1* jertfxiwer is said to 
have remarked idien the war ended that all he wanted to do was to go ficiiing; I felt the 
sane way* exc^t that I do not care very mudi for fishing. I had conpleted 10 years of 
rocket research, and dealt with problems on the fringes of basic and engineering science 
knowledge, devices requiring the use of e3q>loslves and toxic chemicals* the safety of our 
staff and of aircraft test pilots, frustrations resulting fron dealing with administrators 
had no grasp of the nature of researt*, travel by train and by air to meetings that 
frequently were not really necessary, etc. Ihus, at the age of 34, I detemlned to make a 
serious appraisal of iqyself and of ny hopes for the future. 

VIhen we had begun rocket research at Caltech In 1936, most of our orlgiral group 
of six was dedicated to the peaceful uses of rocket propulsion.^ Ihe design of a sounding 
rocket had been oui‘ first goal. Dxxi^ I never lost sl^t of our first goal, world devel- 
opments by 1938 dictated our participation in the military application of rocket prq^- 
slon. Vftien the WAC Corporal became the first successful sounding rocket to exceed helots 
attainable by any other means In 1945* I felt a soise of personaQ. fUlflUment. I under- 
stood that this was Iwt the first {SXJbe Into extraterrestrial space, and that voyages to 
the Moon and planets would follow, but I also knew tiiat there wm?e now many others 
would carry on the work necessary to reach these more distant goals. In 1936, the nixiiber 
of engineers In the world seriously interested In astrcxiautics was probably less than 50; 
by 1946 the.e were several hundreds. 

VIhat troubled me most about leaving JPL was the separation ffxxn the member of 
«;he staff, many of whan were my closest friends and with >hoin I had shared many good and 
many trying times. I have never again worked with a groip that was as cooperative and 
enthusiastic. But the new goal that I had set for myself was int 'r-'jiticaial cooperatlcxi. 
Although I left Caltech with a two-year leave of absence, vrttLc! . . -jnewed In 1949* I 

then allowed it to l^se and, in one way or another, devoted to intematlOTial coop- 

eration during the past 25 years. Ihe night before I departed from Itexas for Unesco In 
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Baris» one last effort was made to dissuade me Aram leaving the Jet Propulsion Laboratory 
(JPL). A general officer of the Ordnance D^wrtment telephoned me Aram Washington* O.C.* 
and urged me to reconsider my decision. When I asked von Kaiman for his advice he had 
told me that If he were younger, he would follow a path similar to the one I had chosen; 

It was unlikely that anyone else would get me to change ny mind. 

I made a tour of the East Coast to discuss Ikiesco with many persons before going 
to Paris. Albert Einstein thought that major points of the Ikiesco program wmra definitely 
worthwhile. He said we oust have courage to fight for real issues and not allow Unesco to 
become Impotent, like the Ccnmlsslon for International Intellectual Cooperation of the 
League of Nations. Vannevar Bush said that scientists must work together to stop wars for 
gpod. He did not know very much about Unesco but supported It. lyndon B. Johnson, t^ien 
the Congressman Aram the district of ny heme In !Bexas, said he was not acquainted with 
Uhesco Intentions and that the United Nations was Just a "baby." 

Upon ny arrival In Paris, Joseph Needham, Head of the Natural Science Section of 
Uhesco, assigned me the task of studying ways to break down the banders to tde Arae move- 
mmit of scientists and engineers betwe«i nations. It certainly was not true that I became 
a menber of the Ikiesco secretariat as a rocket expert, as was stated In an article ho&tile 
to the organization in the Saturday Evmdng Post entitled "Julian Huxley's Zoo." Ikiesco 
did not come within a smell of rockets before the International Geo|*yslcal Year (ICjY) in 
1957. 

While at Uhesco, outside ny official duties, I wrote a popular article entitled 
"Unanned Rockets towards Space” In 1950, upon the Invitation of Kenneth W. Qatland, who 
served as the editor of a collection of articles for a bode called Rockets into Space . 

But that vwiture was glwai up by the publisher in 195**. In 1950, I also wrote "A Short 
Hlstary of Rocket Propulsion up to 19**5" for the Princeton University series of volunes 
on Jet Propulsion and Hi^ ^peed Aerodynamics of which, at that time, ny long-time 
colleague, Martin Smnierfield was editor. Ihat article was finally published in the 
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volume Jet Propulsion Ehgines in 1959. 

I did not resume work in astronautics until after the launching of the Sputolk 
by the Soviet Union in 1957, an event that made more evident than ever the need for Inter- 
national cooperation in this field. Andrew G. Hal^, one of the founders with us of the 
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Aerojet-General Corporation and then Presi<tent of the International Astronautical Federa- 
tion, and von Kdhndh, who had become active in Federation affairs, told me that It was all 
very well to work quietly as an artist In a Paris studio (which I had been doing since 
1953 sifter leaving Ikiesjo) but that ny ejqaerlence in astronautics was wasted. They urged 
me to participate in the work of the Federation.^ After much discussion with ny wife, I 
decided to accept ^pointment as a representative of the Federation to Ihiesco. Ey 1959, 

I was again devoting most of ny time to astronautics in the Federation, especially in con- 
nection with the establlslment and directlwi of the International Aoadeny of Astronautics. 


341 



But to return to the subject of this memoir . . . 


II. THE SITUATIOH ... 1943 

The Air Corps Project at the beginning of 194$ tias consolidating the success- 
ful! development of solid- and storable-UqiiidHpropellant engines for aircraft sapep- 
perfatnance supplications wltii research directed to liqprovlng the propellants, raising 
engine perfca'mance, and Increasing their thrust and duration. Cooperation on matters of 

development and productlcti was maintained with the Aorajet Qigineerlng Corporation for 
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those programs sponsored by the Air Corps and the Navy. The Project had placed solid-and 
starable-liquld-propellant rocket engine design on a sound scientific foundation. Prac- 
tical Infonnatiori had beoi provided engineers, permitting the design of uncooled motors to 
meet specifications for thrusts of up to around two tons for durations of up to about 75 
seconds. By the end of World War II, Information on the design of cooled liquid-propel- 
lant engines and of pumps was well advanced. 

AlboTt A. Cairlstman, In his history of the Naval Weapons Center entitled 
Sailors, Scientists and Rockets, observed: **A suggestion by a Navy captain that It tnuld 
be desirable to have a cooperative effort between Goddard and Mallna brou^it out Goddard’s 
view that the woiic in Pasadena was about t,he stage in 1940 that his work had been in 1925- 
He referred to the Caltech program as tho Student Work.’" Goddard evldeitly did not 
subscribe to von Kaiman’s maxim: "It is always wise to remember that someone else might be 
Just as clever as caneself." Goddard's opinion of our efforts does not surprise me,^ but 
he must have been surprised when, within two years after his remarks we had successfully 
develc^)ed and put Into piraduction for the Air Forces and the Navy seinrt.ce-type solid-and 
storable-liquid-propellant engines. These became, respectively, the progoiitors of the 
engines in, for example, the Sergeant, Polaris, and Minuteman missiles, and the Tltal mis- 
sile and the J4>ollo Command Module and Apollo Lunar Excuralcxi Module. 

This raises an interesting question concerning developments in Britain, USA and 
USSR after the end of the war, a question that should be probed by historians of rocketry 
and astronautics. I believe a good case can be made to show that military obsession in 
these countries for continuing certain developments of German rocket technology caused a 
vast waste of funds. The obsesslcm gave priority to rocket engines using liquid oxygen 
(LOX), as in the case of the V-2. In the U.S.A. , though the development of engines using 
a conposite solid-propellant and a storable-liquld-propellant ccjmbination was not dropped, 
it cei’tainly was assigned a lower pid.ority. But today, not a single An.eric:an military 
operatic»)al missile uses a LOX engine. Instead they are propelled by descendants of solid- 
and liquid-propellant engines developed at JPL before the end of World War II. 

The investanent in LOX engines turned out to be an overall technological gain, 
for they were indeed needed for extraterrestrial space activities, but they were not then 
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and are not now of primary interest to the military services. What is more, solid and 
storable liquid prqpellants also have an important role to play in the propulsion of 
spacecraft at this phase of the "space age." Nonetheless, popular opinion, evKi the 
opinion of sane who should know better, has held that rocket devel<^3ments in the U.S.A. 
lagged far behind that of Nazi Germany. Hiat belief is patwitly false, but myths die 
hard. 

III. ORIGINS (F THE ORDCIT PROJECT 

At the Air Corps Project in 19^3 we contlmied to follow the directives of 1939 
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that limited us to rocket er^nes for use with aircraft. In the Sumner of 19^3 this 
situation changed radically. In early von Kaivon received a request ftxxn the Con- 

mandlng General of the AAP Materiel Center, Wri^t Field. He was asked to study and com- 
ment on three British Intelligence reports on reaction propulsion devices for projectiles 
and aircraft supposedly being developed in Gennany.^*^*® Von Kannan*s comnents, based cai 
an investigation that he, Hsueh-Shen Tsien (Chien Hsueh-Sen) and I made, were sent to 
Wright Field <m August 2. Althou^ much of the data from Geiman prisoners in the reports 
was Incorrect, inexact, and exaggerated, it was possible to draw some interesting conclu- 
sions. Ihe fact that our conclusions bore little resemblance to actual Gerroan missile and 
aircraft develc^xnents, as we learned later, is irrelevant to their Ijrpact on the 19^3 
military scene in the U.S.A. Fascinating background material on these intelligence 

reports, to be read with ciixrumspection, can be found in the book Ihe Mare*s Nest by David 
q 

Irving.^ 

The AAF ‘ *oison Officer at Caltech at this time was Col. W. H. Joiner, a most 
congenial and helpful officer. He iimiediately appreciated the significance of our con- 
clusions and suggested to me that a study should be made of the possibility of propelling 
ballistic missiles with the rocket engines we had develc^^ed or that were available at 
Aerojet. I turned to Tsien for help, and the two of us corrpleted our study in November. 
Ihe results showed that althou^ ranges in excess of 100 miles could not be reached with 
available engines, rocket missiles could be constructed that had a greater range and a 
much larger explosive load than rocket projectiles then being use^i by the Anned Forces. 
After discussing the analysis with us, von Kannii decided to attach a memorandui/i to our 
report proposing that a development program be initiated along the lines we had indi- 
cated.^^ These docurients for the first time carried the name ”Jet Prcpulsion Laboratory.” 
Joiner sent the memorandum and analysis to the Connanding General at the AAP Material 
Center. Captain R. B. Staver, an Anry Ordnance Liaison Officer at Caltech, occupied an 

office next door to Joiner. Staver also forwarded these same documents to Colonel G. W. 
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Trlchel, Chief of Rocket Development Branch of the Anny Ordnance Departeent. 
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Von Kairoan, Tsl«i and I at this point concentrated our thou^ts on the technical 
problems of long-range missiles and on what appeared to us to be the most resiscnable steps 
to be taken to develop them on the basis of current experience in the U.S.A. with solid 
and liquid prcpellant rocket engines. Staver and Joiner, on the other hand, pursued quite 
a different thought process. Staver later told me that they were concerned with assuring 
continued support of the developinent of rocket and other types of Jet engines and of their 
application by the military services aifter World War II. Ihey feared the historic ten- 
dency of the government to drop potentially Important research for military purposes 
a war ended. Purtherroore, they believed that our Project should not only be continued, 
but expanded to become a center of Jet propulsion and missile research and development.^^ 

I have pointed out before that there was a conflict of opinion as to the kind of work that 
could or should be undertaken by an academic institution of higher education and 
reseai*ch.^ Von Kamm and I were of the view that Caltech was an appropriate organizaticai 
to take responsibility for basic engineering research, but not for the development of 
prototypes of engines and of vehicles that Involved probleiriS of meeting producticxi and 
end-result specifications. The fact that the ORDCIT Project did include these latter 
activities can be understood only in terms of the special situation prevailing in the 
U.S.A. in 1944. 

Ihe response of the military services to the two documents on the develcpnent of 
long-range missiles planted a seed for the bitter inter-service military rivalry that took 
place in the 1950s. I recall discusslcais with officer;, in the Air Forces and the Ordnance 
Department on the appropriate ’’botanical” classificatioi. f a rocket missile. Those ccxi- 
cemed with army ordnance said that, since long-range guided missiles followed a ballistic 
trajectory like a gun projectile, such missiles were clearly a responsibility of the 
Ordnance Department. Those responsible for long-rar^e aircraft bobbers sadd that, since a 
long-range guided missile needed aerodynamic control during the first phase of fli^t in 
the atmosphere, the Air Forces clearly stould be responsible for their development, and 
they called the missiles ”pilotless aircraft.” 

But the Air Forces did not respond to our proposal, much to our amazement. 

Instead, von Kaim^n received a letter on January 15, 19^^, ffom Trichel of Arn^ Ordnance. 

It expressed not only interest in the proposed program, but a desire that Caltech under- 
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take a mc3re intensive program than originally outlined. Trichel urged that a revised 
and more inclusive program be undertaken at the earliest possible date. He further stipu- 
lated that the Ordnance Department was prepared to furnish the necessary funds to cover 
such a project providing Caltech, in turn, was willing to give the necessary errphasis to 
the undertaking in the assignment of personnel and facilities. He also recomnended that 
a proposal be sutanitted that would Include a chronological schedule of the studies to be 
made, models built, etc.; further, if such a project was decided upon, It would be 



advisable to make a contract with Caltech on a cost-plus-a-fixed-fee basis. The plan of 

operations should initially cover not nwre than one year and the expenditures should not 

exceed $3»000,U00 for the one-year program. 

Trichel^s letter threw us into a pix>per dither! We prepared a new proposal 

incorporating his suggestions, and von Karaan, with the support of Robert A. Millikan, 

Chainnan of Caltech *s Executive Council, obtained the approval of the Caltech Trustees to 

put forward the proposal to the Ordnance Department. On January 20, Brig. General B. W. 

Chldlaw, Chief, Material Division Office, Assistant Chief of Air Staff, directed a letter 

to the Cannandlng General of Materiel Contnand, Wright Field, requesting the followir^ 
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-Jifonnation: 

a) Will the Amy Air Forces authorize the use of the facilities at GALCIT by the 
Ordnance D^>artment? 

b) Will such a long-range development cmtenplated by the Ordnance Department c<xi- 
f ILct with work being conducted by tne Amy Air Forces? 

Von KamiSn also responded on February 1 to Major General Frank 0. Carroll, Chief 

Engineering Division, AAF Materiel Contnand, WrL^t Field, inquiring about APF interest in 

research directed towards the development of aircraft or pilotless-aircraft traveling at 

transcxilc speed, and apparently helped the Materiel Comnand formulate answers to the above 
12 lU 

questions. * Accordingly, on February 17 the AAF Material Cotmand at Wrigtit Field 

cleared the Ordnance project to proceed at GALCIT, so far as the AAF was concerned. Also, 

Carroll sent a letter to von Karm^ approving, under his supervision, a project for 

"athodyd” (ramjet) engine development with the Ordnance Department that could be used on 
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aircraft, provided AAF research would not be retarded in any way. 

Events now moved rapidly. On February 28, 19^4, von Karman submitted on behalf 

of Caltech a new proposal, based upon Trichel^s suggestions, to Major General G. M. Barnes, 

Chief of the Technical Division, Ordnance Department, in Wasliington, D.C. This proposal 
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was accepted practically Intact (It appears in the appendix). A Letter of Intent for 
the Amy Ordnance progr*am was placed with Caltech on June 22 "for services consisting of 
research, investigation and engineering in connection with the development of Icng-range 
rocket missile and launching equipment and for corrf>lete reports, drawings and specifica- 
tions describing all work dme in ccwiectlon therewith." An expenditure not exceeding 

$1,600,000 was authorized. A definitive contract followed, and entered into force on 
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January 16, 19^5, with the following objectives: 

a) The missile wouli have a minimum wei^t of high-exp losure payload of 1000 pounds. 

b) Maximum weight of the missile would not exceed a wei^t consistent with good 
design and maximum payload. 

c) The missile would have a range of up to 150 miles. 
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d) Target dispersion at maxtaum range would not exceed 2 percent for a missile 
suitable for direct icxi by ranote control. 

e) Hie velocity would be sufficient to afford protection from filter aircraft. 

Ihe teiTOination date of this contract was set at December 22, 195^; however, it was later 
extended throu^ June 30, 19^6; the total funds provided amounted to $3,600,000. 

Hiis ejqpanded program led to a reorganization of the Air Corps Jet Prc^ulsion 
^search Project, GALCIT, into the Jet Propulsion Laboratory, GALCIT. Ihe new program was 
glvai the designation (BDCIT Project (OBDCTT is an acronym for Qrdnance-California Insti- 
tute of Technology). 


IV. RBCM5ANIZATI0N (F THE AIR CORPS PROJECT DHO IHE 
JET PROPULSIOi LABORATORY 

Hie (FDCrr Project required rs^id expansion of the staff and facilities of the 
Jet Propulsion Laboratory (GALCIT), or, JPL. During the period under ccaisideration, JPL 
was attached to the Guggenheim Aeronautical Laboratory (GALCIT) directed by van KdnnSn. 

He remained titular director of GALCIT until 19^9, when he became Professor Eineritus and 
Clark B. Millikan succeeded him. By this time, JPL had been separated from GALCIT and 
came directly under the overall administration of Caltech. 

While we were in the midst of pi^^>aring plans for carrying out the prc^ram of 
the ORDCIT Project, von K^rniSn underwent serious abdominal surgery at the end of May 19^^, 
in New York City, which prevented him from returning to Pasadena lintll September. While 
he was recuperating in New York, General H. H. Arnold, Corrmanding General of the AAF, 
asked him to undertake the creation of the Scientific Advisory Board to the Chief of Staff 
of the AAF ”to investigate all possibilities and desirabilities for postwar and future 
war’s development as respects the AAF.” Von Karman left for Washington, D.C., in 
Deceirber 19 :;hereafter returning to Caltech only for short period of time. 

H e scope of the ORDCIT Project posed Caltech administrators with novel problOTs. 
How wocJd ticy manage the range of activities, the size of the JPL staff, and the amount of 
money involved? \ decided to establish a JPL Executive Board, responsible to the 
Caltech aim^^ilsti r tlcxi, v^ose task would be to oversee the general policies of JPL 
aulTiinistratlon ani the Implications of any new technical developments that took place. 

Hien, \&ien von Kaiman took leave of Caltech, the question of who would direct JPL had to 
be resolved. C. B. Millikan was asked to become Chairman of the JPL Executive Board, and 
I took over as Ac"“lng Director at JPL. But the irrplications of this division o± respon- 
sibilities soon required clarification. 

Frcm my long experience of working with von Karman, I knew that a certain cool- 
ness existed between him and C. B. Millikan; to be sure, I had inherited this feeling. 
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I also could not easily forget that, if von Karro^ had not overruled him, Millikan would 
have stopped the GALCIT iu>cket Research Group in the spring of 1936. Whai Millikan stated 
in the autumn of 19^^ that he expected as Chairroan of the JPL Executive Board to chair 
regular weekly JPL project conferences, I exploded. I told him that I could not continue 
making technical and administrative decislcxis if the conferences were run by somecxie who 
was not Intimately aware of what was going on in the laboratory from day to day. Von 
Kdhn^ supported me. 

Neither my relations with the JPL Executive Board, nor those of Louis G. Dunn, 
who succeeded me as JPL Director in 19^7 > were ever very satisfactory. On one occasion in 
1945 I became so irritated with Millikan when he presented a summary of work underway to 
the Board, that I slanned down my papers, announced my resignaticxi, and stalked out of the 
meeting. Ihe next day, after taking into account the reasms for my displeasure, Millikan 
and other Board members convinced me to change my ndnd. But the prc^lem of divided res- 
ponsibility was never resolved. Dunn, #)en he became JPL Director after I left, simply 
refused to attend meetings of the JPL Executive Board, and Caltech finally dissolved the 
Board in 1948. 

In 1944 , Col. L. A. Skinner was designated Liaiscxi Officer for the Anry Ordnance 
Department. Ihose of us ccxicemed with solid propellant rocket engines were acquainted 
with his studies in the 1930s of nitroglycerine-nitrocellulose as a propellant. I also 
had met him when he worked with the "Indian Head Groi^” at Indian Head, Maryland, in the 
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early 1940s. Joiner was succeeded by Col. E. H. Eddy as Liaison Officer for the AAF, and 
Lt. Col. J. W. Newman was designated Liaison Officer by the Anry Ground Forces . 

Beginning in 1944, research at JPL was carried out on four major projects: JPL-] 

(Project MX 121 of the Aircraft Laboratory of the AAF Materiel Conmand, was a continuation 
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of the program previously carried out for the Aircraft Laboratory ); JPL-2 (Project MX 363 
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of the Armament Laboratory of the AAF Materiel Cormand, begun in 19^3;. was on hydrobomb 
research); JPL-3 (Project MX 527 of the Power Plant Laboratory of the AAF Materiel Comnand, 
begun in 1944, was primarily on ramjet engine research ); and JPL-4 (the OfOCIT Project). 

Ihe ORDCn Project Involved not only fundamental engineering research on thei^Tial 
jet propulsion engines, propellants, and the design of guided missiles, but also the con- 
struction of missiles and launching devices for firing tests. Ihe firing tests were to be 
made in cooperation with the Ordnance Department. Thus, we had to become accustomed to 
thinking in terms of design and construction of much larger devices and equipment than 
before. We were greatly helped in meeting this situation by Romeo R. Martel, Caltech 
Professor of Civil Qigineering and a member of the JPL Executive Board, and by Aladar 
Hollander of the Byron Jackson Co., of Los Angeles, a manufacturer of pumps. Ihe design 
of large ccaistructlons required to develop and launch missiles was guided by William A. 
Sandberg of the COTSoUdated Steel Co. of Los Angeles. Mark Serrnrrier of Caltech super- 
vised zhe desigi of Installations for ramjet engine studies. Eugene M. Pierce, Sr., an 



architect Uho had been ny personal assistant since 19^3 > and W, Hertensteln, head of 
maintenance and buildings at Caltech, bore the brunt ol des idling and contracting for new 
buildings that had to be construr".ed as quickly as possible. Ihe construction prograr 
was further aided by the Ordnance Liaison Officers — Skinner up to August 19^5 and there- 
after, Colonel Benjamin S. Meslck. Yal C. Larsen took charge of Laboratory administrstlon 
in 19^6, and supervised material procurernent . William R. Stott, Assistant Conptroller at 
Caltech and I spent many days can contract negotiation. Ihe layout of buildings and 
special facilities of JPL in June 19^5 is shown in Figure 1. 



LoLoratory, Juic 


Ihe organizatlcai chart of JPL as of January 9, 19^5, is shown in Figure 2. Ihe 
Technical Section Chilefs were; 

H. J. Stewart, Section 1, Research Analysis 

J. V. Charyk, Section 2, Underwater Propulsion 

H. S. Seifert, Section 3# Liquid Propellant Rocket Engines 

C. Ba^^tley, Section 4, Solid Propellant Rocket Engines 

P. Duwez, Section 5, Materials 

S. A. Johnson, Section 6, ProfJt'Ilants 

W. B. Barry', Section 7» Engineering Design 

J. AmneiL'>, Section 0, Research Design 
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Pig. 2 

Qr^anl 2 ation Chai-t of the Jet Propulslai 
Laboratory, W August 19**5 


W. H. Pickering, SecticMi 9, Ranote Control 
W. D. Rannle, Section 10, Ramjet Engines 
S. J. Goldberg, Section 11, Field Testing 

Tsien, wlio had been the first chief of the Research Analysis Section, left 
Caltech for the Massachusetts Institute of Technology In 1946. He returned In 1948 to set 
14 ) the Jet Propulsion Center established at Caltech by the Daniel and Florence Guggenheim 
Foundation. Martin Sunmerfleld returned to JPL frtm the Aerojet Engineering Corporation 
In the autumn of 1945 to take part In plannlr^ and research analysis of possible ai^llca- 
ticns of rocket propulsion to extraterrestirlal space fUgit. 

I have already discussed from my viewpoint the hl^ points of research under- 
taken on solid- and Uquld-propellant rocket aiglnes and on ramjet engines up to the end of 
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1946 at JPL in ray memoir on the Air Corps Jet Propulslcai Research Project. I shall 'ils- 
cuss briefly below the research on guidance and control of missiles that William H. 
Pickering, a later Director of JPL, Initiated In 1944. 

V. 194J1 MISSION TD EUROPE 

Colonel F. F. Reed, called "Froggy" by his friends, visited JPL in the sunmer of 
1944 . He was Assistant Military Attache, Ordnance Department, In London. We decided that 
I should return his visit by going to Great Britain to study rocket and i^et engineering 
research, to obtain firsthand experience in the target area of the V-l's and V-2's, and 
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to inspect the parts of the V-2 that had strayed off course and landed in Sweden. I went 
to Washington at the beginning of September for a briefing and to obtain orders for ny 
visit the European Theater of Operations (ETO) . After some delay, a return trip 
to Pasadena, the orders appeared. During the first week of October 1 flew to Prestwick, 
Scotland, and then took the train to Londai. Since iry trip included an Inspection rf 
German V-1 launching sites ana ether kinds of installations in northern France (Pas de 
Calais region) liberated in August, I was given the rank of Colonel (assimilated rank, in 
case of capture), with the instruction that I was not to wear an insignia on iny urdform. 
Considering that I had received the rank of 1st Lieutenant in the Officer Reserve in 19^<?, 
which I had to resigi in order to continue rocket research at Caltech, I considered 
Junp in rank prettv good. 

Upon the urging of Reed, I designed and had a tailor make a shoulder patch with 
a rocket on it — perhaps the first U.S. military insigila signifying rocket missiles 
(Figure 3)* Although 32 years old, I looked much younger, and on ny i-etuin Journey, when 
I checked in at BolUr^ Field in Washington, D.C. to catch a B-17 to Los Angeles, the 
sergeant at the desk lojked at my identity card, then looked at me and said, "Don't kid 
me, you can't be a Ckilonel!" 



Wk. 3 


Unofficial Rocket f'ilsslle fha'lder Patch Designed and Worn 
By the Author In the Eliropean 'Yieater of OperaticMTS , 19^^ 
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Elghty-two r^ames of engineers and scientists in the United Kingd^ m appear on t? 
list of those 'dth vrtxxn 1 discussed various aspects of my mission, among tnen: Sir Alwyn 
D. Crow, Controller of Projectile Devclc^^nient , London; W. Blackman, Chief Su^rintendent, 
Projectile Development Center, Abeporth, Wales; J. E. Lennard-JcMies, Chief Superintendent, 
Armament Research Department, Port Halstead; Capt. A. Richards, Superintendent of Torpedo 
Fxp* and Div, Greenock, Scotland; Comnodore F. Whittle, Power Jets Ltd. , Whetstone. 

The dlscussioTs were quite cpen on both sides, althou^ I knev/ that some infor- 
mation was held back. Just as I held back on some of our plans and developments. Compared 
to research practice in the U.S.A., I was particularly impressed by the extent of British 
theoretical analysis and the length of debate on pros and ccns before a decision was irade 
to build something. This difference in approach was in large part due to the much more 
limited financial and marpower resources available in wartime Britain. I A^ealize that our 
Private F fiasco, to be describev. below, might well have been avoided if a moi^e thorou^ 
theoretical analysis of an unguided winp^ missile had been made. 

The main interest In Britain in 19^^ centered on the impro^s'inent, under the 
dcmlnating personality of Sir Alwyn Crow, of an anti-aircraft rocket missile. Under his 
leadership, ungulded anti-aircraft ballistite UP rockets 7 for e^irotated Projectile) were 
developed and used in the Battle of Britain in 19^1. Some said tliat the UP’s should have 
been called ”mlsguided^’ missiles, for, as Charles C. Lauritsen, who watched thOT perform 
in London that year is quoted to have saia: ”I don't think they ever shot down a 
bomber. They did make a lot of noise, which p>erhaps gave a psychological 

boost to the people. 

By the time I arrived in London in October 19^^, only a few V-l*s were still 
arriving during the ni^t, launched from aircraft uver the North Sea because land launch- 
ing sites on the other side of the Ekigllsn Channel had been captured by the Allies. V-2*s 
barbardec Londcai fron bases off the coast of Holland. One shook-up a conference I was 
attending at Port Itolstead. first experience of this sort left me rather disturbed, 
but my colleagues continued the meeting as though rK)thing had happened. 

Infonnation hiB avai-.able on the V-2 arxi on Gennan engines using LOX and hydro- 
gen peroxide (H 2 O 2 ). The British wre of the view that the aitric acid-aniline propellaTit 
combination was less suitable than hydrogen peroxide and, hopefully, nltromeohane. We at 
JPL did not go overboard on either of these latter chemicals as the British did. (By 19^^ > 
we had good reasons to doubt the great expectations of John W. Parscxis and Prltc Zwicky for 
nltrcmethane as a monopropellant. It was tested extensively both at JPL and at Aerojet 
and, f 3 far as I know, nltrcmethane was finally given up as a rocket propellant becan e it 
is sensitive to shock and is difficult to use as a rocket motor c^x)lant . ) Test facilities 
for liquid-propellant engines were still in a very primitive state in Britain, and work 
was Just gew*‘ing underway on composite solld-prcpellant engines of long-^ duration. 
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there tas raich lnt«est In the possibilities of the rennet engine, OBinly 

because of Oenaan clalns, especially by Eugen S£jnger. the Ekriti^ kneif considerably aore 

than we did at JFL dxxit the probleias that needed to be solved to aadee a raa^et a prao- 
2 

tical csvioe. RaniJet studies were being carried out In Ehglara at Fewer Jets, Lbd., 
under Uoyd and Constant. Here, also. Air CcMaodore Rrank Whittle was ocntlnulng his 
develcpnent of turbe^t engines, and he and I conpared experiences on the vicissitudes of 
those tdto try to get unorthodox ideas accepted. 

I incpe- ted the parts of the V-2 brought fbom Swbden to the Hosral Aircraft 
Establt^vent at Fhmborough early in 1944. Desi^ eleaents of the engine and ttie gpld- 
snee ^stem we?e still not conpletely understood. Ihe latter wat especially of Intareat 
to us at JPL, since we now confronted the problens of missile guidance and control. 

Between Novenber 16-26, 1944, I visited Frence with Captain C. E. Nartinson, who 
had been assigned by Heed to look after me during mission Our flight across the 
fiiglish ChEstnel In a Douglas Dakota (DC-3) aircraft {sxwoked me to say tt&t we idxxtld not 
have crossed so <^ckly to Paris. We lanc'ed In e mi.'.-t at the end of the afternoon and 
gpt out of the aircraft. When a pilot appeared, we asked for our transport to Huds. He 
exclaimed: "Paris? The mailbag had Brussels on it sc tha\;'s whaa you are!" (The follow- 
ing signirica;Jt facts were uncovn<ed by the superstitious to account for our plight: we 
were cn fll^it No. 13, the Dakota's number added up to 13, and there were 13 passengers!) 
Okx:e in France, we In^iecVHI V-1 launching sites at W.zerne, Nontreuil and Sivacourt. 
Strategic bonbire by Allied alrciaft had produced only minor damage to the rodeet sites, 
whereas nearby village? were a shanbles. At Mlmoyecquer- and Viatten were very large con- 
struction.'; idiose purpoi ' tqp to that time no experts could make out. 

!fartlnson and j. celebrated 'Dianksgivlng Day with Americsn officors in Paris. 
After a turia.-y dimer et the Hotel Plaza Athmee, we were taken in hand by a ^foup of boob 
disposal officera who had five gallon bottles of something called "desert Juice" — areally, 

I «Mnk, a mixture of cogiac and cointreau, idiich would have been better used as a rocket 
pronellant. Oi ttie fUgnt back to London the next morning, H. P. (Robie) Robertson of 
Caltech, who was with the O.S.R.D. Mission in London, poured coffee into me to conbat its 
effects. 

While crossing the Atlantic on ny return Journey during the second week of 
December, the many hours gave me a chance to think oxer the implications of all I observed 
on ny tour. Whai I had departed ftom JPL ir. October, plans were far advanced for testing 
the first CMXilT solid propellant missile. Private A, for the design of a winged version, 
the Private F, and for the liquid propellant Corporal. lUrning over he many bits of 
information stored in ny miid, I suddenly rer . ”ed that the first objectlva ota? rocket 
research group had set for itself in 1936 ; .* *-hin reach — a sounding rocket Vie 

now had reliable solid- and llquld-pnjpellettit eriglnes with «<hich to build it. But first I 
had to sell the idea to the Ordnance Depar'tment. 
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Before proceeding an to Pasadena, I visited IVlchel and his staff during a stop- 
over in Washington, D.C. After reporting on ity European mission, I preset ited nv wish to 
have JPL desl^, construct and test a sounding rodcet. I explained that the prcgrait. could 
be carried out rapidly if modest requirements were set (to lift a "^Ib. payload to 
lOT -J ft). I also pointed out that a roctet with a liquid-propellant aigine could be 
considered as a mall-scale test version of the Corporal, expodence would be gained with 
launching techniques, and the rocl^t might be considned a first step in the development 
of a guided anti-aircraft missile. The proposal was imnedlately received favorably. The 
Amy Si0:ial Corps established requirements for the rocket that r.iet its meteorological 
payload needs. 5y Januaxy 16* 19^5f a study of the proposed sounding rocket, requested 
by the Ordnance Department, conpleted by Stewart and me ^ (See Section VIII). 

VI. THE PRIVATE A 

Ihe first ndssile to be tested used a solid-propellant roctet engine that could 

be quickly provided, as proposed by Tsien and the author in 19^3-^^ It was called 

Private A, with the intention to nsme subsequent missiles in hierarchical order of amy 

ranks. The JPL missile series ended in 195^ with the Sergeant, a solid-propellant 

surface-to-surface missile with an inertial guidance syst«n. The Private ^ (also ctesig- 

nated as tne XF 10S1000-A> was desi^ied to provide experimental data on the effect of 

sustained rocket thrust on a missile stabilized with fixed fins and on the use of booster 

21 

rockets for missilr launching. A ptioto0?ap^ of the missile is showTi in Figure 4. It 
bad a length of 92 In. , a maxlirun diameter of 10.25 In. and ^ tail fins extending 12 In. 
from the body. The gross wei^t was 500-550 lb. , including a payload of 60 lb. The 
solid-propellant motor, nanufactored by the Aerojet Engineering Coip. (new Aerojet General 
Corp.) delivered a thnist of 1,000 lb. for about 30 sec. The specific lnp»Jilse of the 
asphaxt-base ca. table propellant GALCIT 6lC was 186 sec. 

The Private *5 launcher was a 36-ft.-long rectangular steel boom of the truss 
typ>e, with four guide rails inrlde the truss. It was mounted cm a steel base and both the 
lateral and vertical angles could be varied (Figure 5)* The missile was boosted oy h 
modified Ordnance Department aircraft armament rocke^ss 5n a cluster as shown in Figure 6. 
The 4 rockets delivered a thrust of 22,000 lb. for 0.l8 sec. They ccxipleted their burning 
and disconnected fpcm the missile before it loft the launcher. Full derails on the desi^i 
of the Private A, its booster and launcher, can be found in References 22 to 24. 

Firing tests were made in the Mojave Desert at Leach. Spring, Camp Irwin, near 
Barotow, California, between Dec^entoer 1-16, 1944, while I was in Englam’. TVrenty-foi!r 
rounds were fired with an average range of approximately 18,000 yards; the maximum range 
was 20,000 yards (11.3 miles). The rrrfssile reached an estimated peak heigit cf 14,500 ft. 
and an estimated maximum speed of 1,300 ft. /sec. A view of the smoke trail of a 




Pl€. 

View of the ?PX«A3E A Missile 


Private A In fllsht Is shOMn In Figure 7- Trajectoiv analyses were carried out by W. 2. 

pc ofi 

Chlen and C. C* Lin. ’ The firing tests were coc^Jletely successful, meeting all of the 
object i'Trs specified for the program. The Private A became the precursor of coiposite 
prorellant rocket engine nissller. the Sergeant, Poiarls, Mlnutenan and Poseidon and of 
anti-missile missiles. 


VII. ThE RUVATE F 

Tslen and the author^^ also propot^ the addition of wings to a missile having 

the characteristics of the Private A, estimating that the range would be increased by 

about 50 percent with a reduced payload. We pointed out that the problems of stability 

and control of such an unguided missile were very ccrpllcated. The winged Private A was 

21 

de3l0Tated Private F (also the XF lOSlOOO-B), and used the same Aerojet solid propellant 
engine. The missile wa:; provided with fixed wings, having a span of 5 ft., sti±iby wlr^ 
of 3 ft. span were placed at the forwt/d end for trimlng tlx? aerodynamic forces and, at 
the rear, horizontal staMllzerr and a vertical fin (Figure 8). The sane Private A 
booster rockets v#ere lised. A new launcher was constnicted with two rails. In order to 
clear the wln^ and tan siirfaces. Design details can t*. found in Reference 27. 
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Fig. 5 

Ylm of the ffiBSTC A Laaicher 


Plrlrg tests were made at Hueco Range, Fort Bliss, Texas, bettiK.e*' 1-13, 

19^5. The tests began ort April Fool's Day and turned c3ut to be quite afprcpriate to the 
occasic«. All of the Pri¥ate F .rourds, though successfully .lauretel, went into a tail 
spin after a short fll^t (Figure 9). A strlkir® cortecraf siioke tr'll was drawi in the 
sky by the rocket Jet. il^inears ccnslyded after a post wartmi that -.'ur perforraaice 
ffllgiit have been <±»tained if t« Mssile had been constnicted with grew precisloi and If 
the lifting surfaces had been more readily adjustaiae.^®*^ In caliaer t,i»s, after the 
wr, whm the use of funds is acre careHiJly scnitinlzed, pmgrajB such as the Private F 
would have begun anly after sore theoretical studies of such a complex device tad been 
«le, and sare care; would have been taken In its constmctlon. 

IfMle tests of the Brivate P t«re i«le«ey at Port Bliss, Texas, m visited tte 
nearby missile test :rar^ feeing prepared for the (Wmnce l^artment at Wdte Sands, tew 
Itexido. Here, factlltl« were built for the tests of the MAC Corporal. These tests, in 
Sept€sft»r, inauguratal the Mhlte Sands Provi.:;^ Qraand, then tinder tte camaiA of Col. 

H. R. Turner. 
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aiTChlng the PRI¥ATI£ k Missile 


BoosteivFkxiket 


¥III. THE WAG asfiPCMi. 


I!» third long-range missile ttot Tslan arri I ccnsMered »as to be pn^lled 
by a pressure-fed sterile -liquld-prcfseilant Kicket engine of tte tyjse alreaidy develqwd 
at JPL. CXir pKfxssal contained the basic desipi Ideas that were us«J in the WAC C»pomi 
scwndUng rocket, Sim* a guidance awl caitrol systaa for missiles was uravallafcle In 
19^3 » we propojised that a liquid-propellant missile be boosted ait of a launcter by an 
unrestricted bumlirf: solld-prt^llant roctet. If launched "t .;ufflcl«it r.peed, tall ftr» 
woula provide the recessar:^' restorir^: force whert the missile was dlsturt)€<i into y» by a 
crcBS-wl«a. 

I have mentioned my brainstorm met the Atlantic In I>c«nber 19^*4 that led me to 

obtain .frer. the QrJnarios DepartSAint auttorlKitlon to desliys axri constntofc a samiltw 

rocket. It Is. apprcf>rlate f?ere to review briefly the historical bacto'CB.wl of omraling 
I 30 

rockets.' * Tlie poesslblUty of anplo.vlrW'’' racket propulsh>n for llftirc vehicle to great 
heights war ^tilzed at the begireilfy’ of this century. Rdierl H. GoMard first rave 
serious consideration to this r«t'lbllity In about 191^1. At first he stuiltxl the 


Fig. 7 

View of the 5)noke Trail of the PRIVA'IE A In Plight 


feasibility of using cciTStant-volire-pirocess , short-luratlon smokeless powder rocket 
^1 12 

engines.-^ A more rigorous analysis of the fll^.t perfonnance of a rocket propelled by 
successive Impulses was made by Tsien and the author In 1939. A historical sunrer^* of 
sounding rockets Is contained In a book recently released by NASA,^^ though It should be 
used with cautloTi by historians. 

Black powEjer rockets were capable of reaching several thousand feet before the 
20th century, and ballcon^ in the 1930s could reach altltutes of about 100,000 feet. A 
successful sounding rocket, therefore, had to surpass the altitudes achieved by balloons. 
Flirthermore, to be useful. It had to be designed to ndnlmlze costs of production and of 
servicing and maintenance. In the 1920s Gcxldard had decided that a llquld-pz^opellant 
rocket engine offered better possibilities for constructing sudi a sounding rocket, and he 
obtained limited financial sigjport for developir^ one from the SbdUr^onlan Institution. 

Ihe Daniel OuggwThelm Fluid for the Promotion of Aeronautics, upon the urging of *^les A. 
Lindbergh, began to sig^rt this work In the 1930s at the station Goddard established near 
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Vl»i of the PRIVATE P in Laincher 


Roswell, Hew ffcxico. In 1936, Godkiard publisted a very gemral report on the prepress 
of Ms wcartk at Roswell.^® In 1936 cwr group at Caltech canclwied that Goddard had not 
succeeded in constructing a successful scxmrUng rocket tecause he had itnderestijiiated the 
difficulties lnTOlve<i™tbe day of the isolated inventor of cosplex devices ms ewer.^ 

Even CO, success fer an^'orje In the 1920s and 1930s was not llte'ly because of the state of 
roctet technology—there were m high-thrust, stort-duratlcn booster rocket engines, wid 
no suitable ©ildarKe systans. Ooddard's bOX-^ollne rocket engines, moreover, did not 
provide a high «m#i specific Iirpulse for the task. 

SlMlar difficulties confronted experimenter® in Oeimaiiy and in the Soviet Ua’on 
Kiiere a group liear’ad by M. K. Tiktiorravov first laancted a llquid-prqpellant ”Rocitet 09** 

In vertical flight c« Atgust 1?, 1933-^ In Qenwny, the V-2 CA-A) ballistic missile was 
launcljed In the early 19^0s in vertical flight. Though not deslgn«l as a saaidli^ rocket, 
it was SO used for a ceriod in tte USA begliminp: in April 19^6.^^ 

Bit the situation in 19^^ differed mlieally from the one that faced Goddard ten 
years earlier. Solid-propei:iant rocket engines for txxssters could be taken from wartime 
armajsient rockets and used to circiaivent the necessity of u guildance systan within a 





Hg. 9 

View of the PRIVAIE F in Flight 


scainding rocket. Both solid- and storable -llquid-prqpellant> rocket erigines with a thrust 
of sufficient nagnltude and duration, and with ad«juate specific irrfjulse, ted b«en devel- 
at JPL. Ihen, the Arm Ordnance Departn- tit requested that JPL study tny proposal for 
a sounding rtwket. It was quickly ccrpleted .and suisrdtted on January 16, 19^15 uteer tte 
title "Consideraticais of the Feasibility of Developing a 100,000 ft. Altiti*ie Rocket (Itie 
WAC Corporal )".'■■ The WAC was to be capaiile pf saiT^dr^p an instmaent paylc^ of 25 lb., 
that would be lowered to the ground by paractete. 

We coTsidei’ed fne advantages of using various types of rocket engl.nes to prc^l 
the WAC, in particular, (a) a Mgli-thrust, short-duration balllstite engine used in arma- 
inent rockets, (b) a Icng-duratlon aspiialt-base GADUT 6l-C solid-pix^llant engine of the 
type used In the Private A and Private P, and (c) a nitric acid-aniline liquid-propellant 
engine wltii a cooled motor and a gaii-pressure prcpellant si^jpdy systan. Armament rocket 
engines were ruled out because the use of a :'lr^tle otaa as the main ermine would have 
produced excessive acceleration of the WAC, which wa.S not deslrai'jle frcn the point of view 
of any iraJtruments ort:.oard, the mechanical desl^i, and the hljhi drag resulting from high 
fllgJjt speeds in tte dense lower levels of the atmoi5ptere. The second alternative, tte 


GAlcn 6l-C solbl-prc^'llant engij 


-ilnat«i because Its wolgrA wai? excessive. For 


the WAC to reaci; .sn altitude in excess of I0n,fh0 ft.. It «a.o estimated that an cverall 
Lmpuls^^wc-lgtit ratio of -at least sec. w.;t.' ryces.s-art/ , airi not mf>r».* tlian ar<,HJTiil 
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77 sec. cmld be obtained with the available GMJCIT €l-€ englm. We decided that the most 
feasible aiglne to meet WAC objectives would be tte nitric acld-mlllne engine. The motor 
to be us«3 was a mcxilfied version of one deslgred by Aerojet to deliver 1,500-lb. thnist 
for abcwt M5 sec. 

Hie next problesn studied was stability of tte MAC in vertical fll^t. Given 
seme small disturbance, gravity waild cause the trajectory of a missile in vertical fll#it 
to depart mm and more from the vertical. TWo methals existed to assure vertical flight. 
The first ard mst direct method Involved using a ®TO-stabilization system together with 
mo^le aeixidynamic surfeces. For the relatively OTall dimerBlOTs of a sounding rocket, 
however, the weight of such a system with its gyroscopes, servo mechanisms arri oth«r 
auxiliary equipment at tte time was so hi#i as to make it a rather dubious method of solv- 
ing the prd?lem. The seccand approadi Involved laumMng the MAC at a sufficiently hl^ 
speed so that deviation fixm tte vertical was mt of any great linpcrtance. This speed 
could be accoiplished by using a seccrxl rocket to boost the VP€ qpulckly to a velocity of 
about ^400 ft. per sec. before It left a launching tca«r. It was estimated that the WAC 
needed to be guided in a tower for arcund 60 ft. aj»i timt launchlr^ acceleration should 
not exceed aboit 50 g. 

The Ordnance Department accepted these recasraendaticx:®, and design of the WAC 

with suiiportlng equipment began immediately. The WAC, as finally constructed and tested 



(Pi®ires 10 and 11), had the following specificatior^:-" 

Overall length: 19^1 in. 

fexiiaiB diameter of boc^: 12.2 in. 

Three tall fins of 24 in. half span 
Gross veight: 665 lb. 

Empty weight; 297 lb. 

Red fimiiig nitric acid: 286 lb. 

Anillne-furfljryl alcotol mixture: 114 lb. 

Air at 1900 psi. : 191b. 

Motor thrust; 1,500 lb. 

Thrust duration: 45 sec. 

Impulse-wei#it ratio; 102 sec. 

The vehicle was ass&rblel by the Douglas Aircraft Co., Santa Monica, California, from 
coipon^ts sipplied by JPL’s OICCIT Project. 

'Ttie WAC sowding rocket was boosted from the lauicher by means of a modified 
balllstite solid propellant rocket englm from an arrament projectile called the Tiny Tim 
(Figure 12), which hal the folli dng speclficatlais:^'^’^® 

Overall length: 96 in. 

tedmum diwKter of body: 11.75 in. 

'niree Tall fins of 26 in. telf span 




Pig. 10 

Sketch of the MAC OBRmL 


Gross wei^t: 759 lb. 

Wei^t of prcpellant: IA 9 lb. 

Averse thrust (sea level): 50,000 lb. 

Ncralnal duration of thrust: 0.6 sec. 
liipulse-wel^t ratio; ftO sec. 

The laiaicher at White Sands Proving Ground consisted of a 77 ft. triangular 
structural steel tower, 6 feet on a side, resting on a trlpol 25 ft. hlgli with a 26 ft. 
base giving an overall height of 102 (Figure 13). The tower cmtalrKd three 

launching rails set 120° ^art to guldte the WAC and Its booster. T!w effective length of 
the rails was 82 ft. Details of tte design of the launcher are given In fteference AO. A 
COTtrol house was ccaistructed by the Ordnance Department A65 ft. from tte launcter 
(Figure 13). 

Tb check the flight characteristics , tests were made with a 1/5 scale model, 
called the Baby WAC. It was launched fro® a scale<l-down launchlr^ tower at Camp Irwin, 

hi 

California, beginning July A, 19A5- Che of the Interesting aspects of these tests ms 
the verlflcatlan of the suitability of enploylr^ th3« Instead of the traditional four 
tadl fins. For some reason, aerlel batbs and early rt>cket.s were equipped with fcair fins. 
Stewart, to save wel^t, proposed we use three fins. An Ordnance "expert” told us the WAC 
would fcten be unstable In flight, iten Stewart pointed out that arnws for lad three 
fins and performed very nicely, he was still doubtful. The tests of the Baby WAC 
settled the arguments; the model betoved very well, reaching an altltixle of arourxi 3,000 
ft. 
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mm of tne WAG 03RPORM. With the Author 


Slr.se the WAC «as expected to used as a irieteorolc^leal sourellng rocket In 
locations tlat wouM 'oe near fxfjulated areas, m decided to provide a 10-ft, parmjitate in 
tte rioj» of tte WAC tc lower It to ttie groind at a velocltj' of saviiTti 70 ft. per 

Tiie r«:C»as!;ute, to to re-letisaJ at the zenith of MAC’S vertical fli#it, was 
attacteil to ttie top of the prc^x;llant tanka anti hm^ed In the nose cone. 'It* nose com 
wtj aitactel to the MAC b;v me/trti of ttee expdoslve pins Inserttjd throu^i tte skirt of the 
nose cone Irsto liur welded on the tai< tead. llie skirt wa.n seated on a r J:)be'r ring 






,« ^ A3 

View of the WAC CORK]RAL laijncter, Control Hoise 
and Weather" Tov/er, September 1945 


sfal-strtp so that at launching atmospi-iorlc pressure was sealed in t.ho noa- and provided a 

I’oree to push the nose away at trie zenith of fllrfit, where tlir> txiUlde rresrure war 
practically zero. 
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Tm be tried to tif*e tlje ejqsiosive ^ins, at .aerdth.- Ihe 

trie circuit to the pirn.. ^;_seecaid sch^ med a ssechahieal tlsliig <tevic« to. close the 
ctj'mit afc the predicted ttete of fil^t to- fte Slg»l Cos^ps provider radio 

smie e^^ipaent with its ows pametate. to be; Imtalled in tte i»e camp to foe released at 
tl® swe tijfts as the paraelmte of WC. It also provide wither infwmtion, includ-. 
ing data t^talnel frm ’bsiloms rts.inf to about 100,000 ft. 

/The '<®C was. tested at the »ilte Sarrfs In Hew te«ico durit^ 

Septeftte* .26 to Octeter 25, .19^5, Just nim irnsriSte aft^ I pir^wed soujtilr^ I’ockefc to : 
ltdetel in D.O, Details of the test ptt:^rm can be fouM in fteferenees 37 to ■. 

todnswe Departmtt provided a C-^?- 'tojglas aircraft to twepert peraaaiei ar*J 
feQuipaast - between £os Ar^ieS'-sM VMte Ssaxis—lt «ss, of coirse, calla! the QfCCK A.ir- 
llre. A fietoiiT mB jsade cn one -flight so m cmM see the blast area -^iesr Alaaacgordo, 

Hexicc^ caused tte explosion of th®. first ator* bests-. It. »6ss a- verf^ d+sturfoir^' ; -:^it ,-: 
especially for us- •*» were involved in tte develGf»f»nt of .lor^rar^e rocket missiles,. 

- In 1936, -I- .nad. placed on .office wall at .Caltech, a chart tj-se’ coRfjOnent ■ 

parts mjuired.for a successful' sotaiclirs msket. S*- dreas had ttm h^cmB a reality, with 

M. W. M'lls (Bcjoster), f,3, Mseks '(Souridlf^ Socket}, W.A. Sandberg and rf.B. Barry - 

ties) ar-i- Q. Bh»>ftrsftn 

k gx-mp ^ctograph of most of the -OfiDClT Project persorawl .»to psrttcipated in 
the .test pK^rm at-l*ihlte &«nds is ^own In Fi|p» W, and t)» -ts^?iA-satiai eimrt of the 
graips partielpat.l*^' in tise ISAC Cca^i^ - prc©i»i in fi^xm 15. The large mtifcer .of peq&le 
involvel In tM-s . prt,gram lr*lieates the di'^aiys -©f IndlvidtiaJs .aifxi smll groups of 
.rocket 'enthusiasts .in tt» 19208 and- J93fe-to desi^i, et^stract, -wJ test a 

all of ti» .pmctica'?. ijnplloatlor.s of ttelf dream. ; 

Ute test p'ogra».p*oc*»dted step ^ sti^ isntil we were -©trident that -basic ctxs- 
-pcft-'Wtfes-were mtlzfmAar^," First, four m«iids. of . tte i^lght-acifysted 'Hry ftei- booster 
ai»K were fired to check the.-|rc*-wi.er, lawtteher art ftrij^ controls, and to ^ve practice 
■to radar ^ camm erews. Next,- two t««ids-of the WM ccrefnioted of steel tuMr^ : 

fl'llrt with ccrierete ; Ihese- .were followed by two W&C v^mM -with a jaartie"* 

el«^' of prqpellaat- to -check 'behavlcr cf tte'-l-lc^ld-propellarit t*ocaiet --th€*.gapara« 

-fclm of .the -boastei .- fras- tl» -MAC..a. 5 d. -tte- -cperat-i-cn -of -tM nos© cone rpeage aeefmisB. 'C^' 
-tp -this- point, ©li -»yatejss rsperdtef} satisfactorily, ex^it' for..tl« ?«»©' ec 5 ine release aeclsa- 
..RSsm, ^ 4 ileh ftrtisa - ine partial ohangja WiC rc-ached • of - i^jout . 28 ^^ 00 . 

ft,, tijougf! difficulties mr in ■t'raek.jrtf -it w 3 t-h 'radar. ' ♦ ; ".'Rad^' tmhklv% 






Group Photograph of OHDCIT Project Peroomel Who Participated in the 
WAG (X1\I0BAL Test Prograin at Sands Psw^ng Iroird, New l%xieo 

tletv^een 2h S^^ptmber ard 25 Octoter 19^5 


at this time was still in a n.d.ijiientar.> state of dev^dopment* H.e radar group fxxm the 
Ballistic Research Lal>oratory at Abeide«'n Fr*ovIm; Grourd, headed L*A* t)elsas3o, dealt 
with t'nese difficulties* 

OctolHcr 11, 1945 , bee^iHie out* great day for tM fir t flight of the WAC (Rouid 5; 
fully w*^th propellant. We cran*?d our neclc-' to watch the WACh^ siroke trail until 

the engine dopped at ai^und 80,000 ft* On the basis of radar tracking data, it was esti< 
rated that the maxirnuir^ altitude reached v/as between 230,000 and PHO^OC^ ft. The total 
tline of ni|^;ht was about 450 sec. or 7»5 minutes* he velocity of the WAC at the end of 
burning about 3100 ft. per sec. Tl'^e iirfact point f the It rcAU'i about 3,500 ft^ 
from the laiancher, which nmu'il Uiat the WViC had mlntalned a very satlsfaetor:/ vert ical 
path. Success! 

I fjy- 0cle n'oml;er of orlrirBl GAIXIT Rocket Research Greup of 393h to 
exr^rlence the caunimtion of Its hopes after the mrkV vl'^lssitude^” In rock<^t d* h^irf t 
iwer the eru^uliv*: period of V years* It is to describe c- " * he 

the sourdinij rocket soar* upmmi* Cne cm think of rrnnv .In a few minutes* j:h- '-f 

itf/ tlr^Ue'iits war that I could tmri mird to otner g ‘n a world fimi of rx>tn far- 

cimtlrr tochv'i.oloi^:lcal !oc irid ol despe:iTite social pro'r-lc^ir * Ir tuc* 
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Test ftxsgrss at Wiite Sands Pro¥lr^ Graml, Um Jfexico 
S Septastw and 25 GctcAwr 1945 

astronauticaLl fraternity, ttk,- tmlitlan of lig|itir« tf* a cigar had not as yet fcegsai. Ve 
scfitented cwrselTOs by lettli^ c«t i*»cf>s of Jcy, shaking hands and pattljwt each other on 
the back. CM* celebration ms of siiort duratim. .... luichly retiirned to work to prepare 
for tire laanctfirr of ^tie next rmm of the MAC the next cteijf! 

SI:; cliaiicecl rounis were fired lorlr^ this 1945 prvfj-am. In round ?, tte nose 
cone i-eleaiie sjechardi*! fyncticiKd praaaturely at axwt 90,CX» ft. and In mcid 8 tiie r»se 
oons m,'. relea.sed pratEtic-^ly stor*tly after the MAC left the lauacher but It continjed In 
vertical fllgtit. Ihe paraclMte did mt Icmr the MAC to tte ground successfully in any 
of tliese flig/ite, fcr It eltbier ftilled to releaser, rv-Jcased pr«mturely, or tcMtx* off 
cbirlig descer . TWs did not surfjrtse us, as tfiere was very little ex|»rieRce on 
Betovior of oaracf-iater. rt hl^di altitudes Wien tlw? parachute failed tte flnjt ttiw;, 

Irsteal of seekim cover, m* of us rwralned starxilrter. in tte !*tpact Jirea ^xKiairM* toier 
Stewart assured us that tt»- d ability of being struck wajj oxtranely snail. Even so, we 

wre itarcifKi to see Of*? lr|,^act U&e place about 200 yarrbj fra® #ieix? we were staniltm-. 






m dealing uith pT*obl«5» irsvolving mny yricncwns. Tha*s, we set the al* to 
■d at above 100,000 ft. Since no llquM-propellant engir» scwndir^ rocket befffl 
“d mere than a fm thousand feet, that seeswd quite asisitious. Ite fact that tl 
id OUT first theoretical altitide estimtes was prlaarlly die to a reduct l«i of 
welfj'it and the increased aaount of propellmt carried.. 

'eccsmerelatlOTS ffsMe as a moult of the tests Included; 

Si'lftlii' the emprmsed air tank ftxm tte bottom to the tqs- of tl» tank sssmtb'. 
,ir order to shift the center f gravity formrd. 

Suggestions for fuih.ter reducing the etffity we.l#it of the vehicle. 

l'<esifj%ling of a rel.iable nose cone release mecnanlai and of a strafv^r attachmci 

of tlm paractwte to tt» whis,le. 



Pig. 17 

View of the Pll^t of the WAC COVORAL on 2^ October 39iJ5 

4. Provision of a radar beacwi on the vehicle to lacilltate radar tracking. 

5. Design of a booster rocket with an Improved ii:pulse-to-weight ratio. 

When tests of the WAC ccvicluded in October, wc began studies for another soundir^ 
rocket given the desigjiatlon Servant. It was to be about the same size as the WAC but 
with a new cooled or uncooked motor, perhaps a ducted rocket .aotor, and a gas_genera«-ion- 
propellant supply system. .j program was not pursued, and Serig^ant later became the 
nane of a solid-propellant guided missile designed at JPL. 
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Fig. 18 

Plot of r idar Data Cbtalned Fran Round 10 or the 
WAC CrjRPORAL PulXv Charted With Propellant 


On Novariber 9* 19^5 > at Aberdeen, Maryland, representatives of the Ordnance 

Department and the Si^ial Corps met with JPL personnel to review ttje -^sults of the WAC 
46 

tests- It was decided that another five rounds of the WAC should be assembled and used 
for testing an inproved parachute and parachute ic lease system, a remitter beacon in the 
nose for radar tracking, and a data telemetering system. Various tests were conducted 
in cOTnection with this program at White Sancfe Proving Ground between May 7-29, 19^6.^^^^^ 
While these tests were underway, we first met menbers of tlie Gennan V*2 develop- 
ment team vrtio had been brou^it to the U.S.A. to be incorporated Into the OrdnsttKe Depart- 
ment's long-range missile program. Wemher von Braun acted as njx^esman for the :?xxap. 

3y this time we were quite well acquainted with the V-2 ndsslle. Two complete ones were 
received at JPL in June 19^5* Theli* arrival on two railroad Tiat cars caused more excite- 
ment among the people of Pasadena than a whale similarly transported some time before. 

In Mai^ 19^6, plans were initiated for the desig.i and construction of the 
unproved WAC Corporal B sounding rocket, with Meeks as Project Coordinator. The vehicle 
incorporated the recomnendaticMTs resulting from the tests of October 19^5 > and later, 
these of May 19^6, as well as a lighter weif^t r-eaesi^gied engine and propt ant tankc to 
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Increase the propellant>to-0ress wel^it of the first deslgi. A report on the tests of the 
VIAC B at White Sands Fk\>vlng Ground in Deoeaher 1946 and In February - 194? can be 

found in Reference 47. 

The results and know^nw obtained with the MAC Corporal were ir«xrporated in its 
successor, the Aerobee, designed and constructed by Aerojet and assenbled by the Douglas 
Aircraft Co. That project, sponsoored by the Navy Bureau of Ordnance, was carried out 
under the technical direction of the Applied Physics Laboratory of Johns Hopkins Uhiver- 
slty, supervised by Janes A. Van Allen. Ihe contract to Aerojet was awarded on Hay 17, 

1946, and the first full-scale Aerobee was launcdied at White Sands on Novenher 24, 

1947. ^^*^^ Since 1948, nmerous variations of the basic WAC design have been constructed 
in the USA and in other countries for use in high-altitude researtdi.^^ 

IX. HE aXEORALS 

A major objective of the QRDCIT Project, as described Section m, was the 

development of a remotely controlled missile to carry an explosive load of 1000 lb. for a 

distance of up to I30 miles, with a dispersion not in excess of 2 percent and at a 

velocity sufficient to afford protection from fighter adreraft. On August 14, 1944, iteien 

outlined a program for an experimental missile (with the (teslgnation XP36 L 20,000) that 

48 

had the following tentative specifications: 

(bx>ss weight: 5 tons 

Diameter: 36 in. 

Rocket thnnst: 20,000 lb. 

Ihrust duration: 60 sec. 

Sp. propellant cons: 0.005 sec. 

Stabilization: fins 

Range: 30 to 40 miles 

At this time, only a storable -liquid-propellant engine of the type developed by JPL could 
meet these reifications; the thrust required was such hl^rer than any motor constructed 
in the U.S..1. \jf> to that time. The largest uncooled motor that had been tested at JPL 
delivered about 5,000 lb. thrust. 

We also faced a requirement to launch a large rocket vertically without a booster 
rocket and a guiding laurxdier. I do not believe that we knew in early 1944 that the V-2 
was launched in tids way. There was considerable sc^ticlsm voiced over the possibility 
of keeping a large missile In a vertical position solely by means of tall fins and ccxitrol 
surfaces as it slowly lifted off the ground. On the other hand, it was not feasible to 
ooost a large, Lightly constructed v^cle at a higi velocity. 

Detailed analysis of the various ccnf>onents and of the fligit characteristics of 
the missile began Ijimediately. The desigi and testlnj; of the 20,000-lb. -thrust nltrtc 
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acid-aniline type engine was initiated under the supervision of Howard Seifert. We 

decided to develop two engines slnultaneously: an engine with a gas-pressure propellant 

supply system, with whldi nuch experience had already been gained, for Installation in a 

missile designated the Corporal E, and an engine with a turblne-drlven-pui|> propellant 

si^ly system engine (turborocket) for Installation In the Corporal P. The development of 

2 

a turborocket engine, already undm^way for some time by N. Wan de Berg, was speeded up. 

Polities for testing the ccnplete Corporal engines were constructed at the Nuroc Flight 

Test Base, California, of the Air Ttecfanlcal Sorvlce Oonoand. Th^ were conpleted In 

June 19^5 and operated under the direction of W. B. Powell.^ 

Um Dunn became Assistant Director in 1944, he devoted nuch of his effort to 

the Corporal program. In the sunner of 1945* SuramTleld returned IVom Aerojet and became 

coordinator of the px*ogram.^^ Ihfonnatlon on wortc carried out by the aid of 1946 on the 

aerodynamics and medianlcal design of the Corporals can be found In the ardilves of 
48-64 

JPL. Fabrlcatlcn of conpone n ts of the missiles was sub-contracted to machine shops 

In the Southern Callfamia area. Ihe construction of conponents became the main bottle- 
neck in the program because the CROC IT Project at this time could not conpete with prior- 
ities assigned to oUio* production ordo?s of the Aimed Forces for the final year of war In 

1 ? 

the Pacific Theata? of Operations. 

The problems of remotely guiding and controlling a missile were entirely new to 

JPL and, fUrthennore, no work had been carried out on aircraft autopilot systems at the 

Caltech Guggentx.im Aeronautical Laboratory, the suggestion of Sklmer, consideration 

was given to making contractual arrangements on Corporal guidance development with either 

C. Stark Draper’s group at the Hasuachusetts Institute of Technology (M.I.T. ) or the 

^rry Gyroscope Co. Meetings betwea vc« K^imSn and TWchel on July 29, 1944, and 

Martel and the author on August 24 with P erry personnel, led to a contract between JH 

12 

and Speiry for the cooperative development of the Corporal guidance system. I espe- 
cially enjoyed making the sicqualntance of Gifford E. White of Sperry, idio, with Plctering, 

66 

laid the basis for the guidance system. C. B. Millikan, tho had wide experloice In 

aerodynamics, devoted much time to getting this program underway. Primarily through his 

efforts, Pickering Joined the staff of JPL In August 1944 to establish the Remote Control 

Section, vrlth n?ank L^ian as his principal assistant. Infoimation on the wortc carried cut 

4*5 66 

under this Section up to the end of 1946 can be found in the archives of JP. * 

I believe memoirs by Dunn, Pickering, and Suiinerfield can the Corporal prograne 
would be most valuable, for they were respcsislble for its develcpment after 1946. The 

^See C. Staidc Draper, "The Evolution of Aerospace Guidance Technology, 1935-1951: 
A Memojx," In this volume - Ed. 

1 I 

See William H. Pickering with James H. Wilson, "Countdown to ^>ace Ejqjloratlon: 

A Memoir of the Jet Propulsicu Laboratory, 1944-1958," in this volume - Ed. 
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Corporal was succ^sfUlly fli-ed at White Sards on May 22, 1947 (cf. Figure 19), becoBJing 
a tactical weapon of the U. S. Amy In April 1954. 



Fig. 19 

Hie CORPORAL Guided MissU'* 

X. SOLID-PROPELIJUSrr RESEARCH A^'^' APPLICATIOIIS 

Sponsorship of solid-propellant reseaixh was taken over by the CRDCTT Project 

2 

from the Air Force Materiel Ccmand on July 1, 19^4. ^ this tirne, JPL had made the fol- 

lowing fundamental contributions to tdie deslsoi I construction of long-duration solid- 
2 

propellant engines: 

(a) Theory 

1. Von KirmSn-. allnr theory of cc8istant-thrust Icng-duratlcm engines (1940) 

(b) Propellant develcpment 

1. Pai’sms' break-away from balllstlte vdth amine black powder (1940) 

2. Parsons' Jntroductlai of perclilorates as ^ oxidizer (1942). 

3. Parpens’ introduction of asphalt as a fuel-binder with perchlorates; the 
inywitioi of a castable ca.se-bc»ided composite propellant cliarge (1942). 

Engine scripcTtent design 

.e'.ons* design of a restricted-burning (case-bounded) propellant charge 
’ h ;imlne black powder (194C). 


2. design of a safety pressure relief valve (19^2). 

3. Mills' review of various types of burning surfaces of a charE,-: and theoret- 
ical confinnation that the surface of a clgai'ette-type burning charge was 
stable (19*»3). 

After tdie successful JATO development with the asphalt-perchlorate propellant in 

19^»'-» Mills sought a ftiel-binder for the perchlorate superior to asi^ialt. In 19 W, 

Charles Bartley joined Mills' @x)up, and in 19^5 introduced as a replacemoit for asphalt 

a castable elastomeric material, polysulfide rubber, produced by the IhicJccl Oiemical 

Corporation. A report on the development of this propellant can be found in Refererwe 67. 

The polysulfide rubber conpared to asf^ialt produced a propellant nuch better both as 

regards storage tenperature limits and hardness at hl^ atmospheric tenperatuios. Ihe 

latter property was especially inportant in the design of high-thrust, aoglnes requiring 

68 

a charge with an interrial-burning surface rather than a cigarette-burning surface. 

Since at this time only Aerojet in the U.S.A. was producing conposite solid-propellant 

«iglnes, I drew the ccnpany's attention to the asphalt rep.iac«nent, but it was already 

Interested in a similar material made by the General Tire and Rubber Co. I believe it was 

at the urging of the Ordnance Department that the Hiiokol Chemical Corp. ^tereC the field 

of composite solid propellants with the new fuel-binder found at JPL. 

After obtaining the experience with the composite solicUpropellant missiles 

Privates A and F, studies began at JPL in 19^6 on larger missiles using, in particular, 

69 

the polysulfide rubber-perchlorate type of propellant. Ihe results of these studies ^ led 
eventually to the desi©! of the tactical guided missile. Sergeant. 

Ihe Laboratory followed closely developments with other types of solid propel- 
lants, especially balHotlte, used in hi^i-thmst short-duration engines suitable for 
boosters. Available engines were modified to meet special requirements for boosting the 
Privates and the WAC Corporals. 

Ccxisiderable research was <ilso conducted by the Solid Prqpellant Rocket Section 
under Bartley, and the Prqr)eiiant Section under N. Kaplan, and later under S. A. Jctostcxi, 
on gas generatlcMi systems to replace stored gas fox* x'ecdlng liquid propellants to rocket 
motors. Our optimism that such a systan could be developed quickly proved to be unfounded 
(See Section VIII). 
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XI. APPUCATICW OP ROCKET PROPUI5ION FOR EXTRATERRESTRIAL 
SPACE EXPLORATION 

I have described the background of the initiation of rocket research at Caltech 

in nv first memoir on the GALCIT Rocket Research Project, 1936-38.^ Space travel, which 

was the goal of this Project, was not stressed after we resdized that existing rocket 

technolo® was insufficient to reach this goal. It is true tliat Journalists published 

stories interpreting our studies of sounding rocket perfojmance and preliminary rocket 

engine experiments as heralding a planned landing cwi the Moon by Caltech. It vas not 

until after work on the Corporal was initiated in early 19*»5 that studies resumed that had 

been put aside ii'. 1938 (See Section V). 

The WhC could be considered as a two-st^ rocket vehicle. Sunnerfield and I 

began, I believe, in the suimer of 19^5 a more detailed analysis of such vehicles, with a 

re-evaluation of the feasibility of a rocket payload being launched at suffucient velocity 

to esc£^ the gravitational field of the Earth. Our analysis was based on the state of 

rocket technology at that time, and included a discussion of the possible use of a nuclear 
70 

energy rocket engine. The analysis led to the Malina-Sunroerfleld Criterion for step- 
rockets, which states that the optimum step-rocket will be caie in vrtdch the ratio of the 
mass of payload for each step to the mass of the step prcpelling the payload is the same 
(the payload for st^ one is the mass of aill succeeding propulslcn steps plus the mass of 
he final useful payload). 

Vfe calculated, as an exanple, a step-rocket to launch to escape velocity a use- 
ful payload cwisisting of an instrument for measuring cosmic ray intensity with a radio 
beacon transmitter for serxiing the data back to Earth. Obviously, if a useful payload 
could be launched to escape velocity, it could also be placed in orbit around the Earth. 
JPL's first satellite. Explorer 1, on January 31, 19^8, carried a cosmic ray instrument, 
and the payload weight was about the same as we had chosen. On January 3, 19^6, in 
Washington, D.C. , I presented the results of our study, as well as the high points of 
achlevanents at JPL, to the War Equipment Board of the Army, headed by General Joseph W. 
Stllwell. As I recall, the Board mad’ little comnent on the implications of the possi- 
bility of launching a man-made object away frcam the Earth. Stilwell observed in his diary 

in regard to his assignment to the Board: "I am eminently suited to do something else and 

71 

would as lief sit on a tack/ 

'^'Frank J. Malina, ”0n the GALCIT Rocket Research Project, 1936-1938,” First Steps 
Toward Space: Proceedings of the F irst and Second Histo ry Sy mposia of the International 
A cademy of Astronautics , Shiithsonlan Annals of Plight, No. 10, Washington, D.C., 197^; 
also in Russian in F ran the History of Rockets and Asti no nautics (Moscow: ^blishlng House 
Nauka, 1970). 
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We had made conservative assuB¥>tions in our "escape" analysis, especially as 
regards propellant specific Impulse and structural weights of vehicle components. We 
esv.mated that a 5-st^ rocket to launch a 10-lb. payload to escape velocity would have to 
wel^ 3*000,000 Iha. for the nitric acld-anlUne propellant condainatlon, and that 450,000 
lbs. would be required for oxyg&n and ethanol. It was difficult for almost anyone In 1946 
to Imagine meeting the engineering problenm and cost of constructing sucl'i rockets. 

72 

The analysis we made was correct, as J. E. Ftnehlich pointed out In 1959* 

Hmever, betme&n 1946 and 1959 Improvemaits In engines and structural design permitted the 
gross weight required to launch a payload to escape velocity to be reduced by a factor of 
over 400. Hils is certainly an amazing demonstration of the possibilities of technolo- 
gical research and developmmt idien there Is a will to sufport them— fcr good or evil 
purposes. 

On July 7* 1946, I returned to London on a secmd mission In Eurr/pe for the Amy 
Ordnance Department. Asslgied to the office of Colonel Reed, Assistant Military Attache, 

I was asked to report on natters related to sclaice and technology as well as rocket pro- 
pulsion and missile design. I remained In Europe until Decetdaer 1946. During this time 
I visited von Kdnn^ several times and we discussed aspects of the post-war situation, 
especially as they affected our plans for the future. 

I discussed our "escape" study at a meeting of the aritish Interplanetary 

Society (BIS) In London, and presented the paper formally at the Sixth Internatlaial 
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Congress for i^Ued Mechanics In Pard.s. Members of the BIS who attended the meeting 
were not very happy when I said that at this time aie could land a man on the Kocn, pro- 
vided he was s«it ip In two halves In s^iarate rockets, without the offer of a return trip 
to Earth. 

One result of this study was Sunmerfleld's suggestion that a program be Initiated 
to lauiKJh a two-step rocket vehicle consisting of the WAC Corporal bocsUxl Ly the V-2. 
Initiation of this program at JPL was authorized by the Ordnance Depai^mient in October 
1946, and the vehicle was designated Bunper WAC. A photograph of the rocket is shown in 
Figure 20. It was successfully launched at fcttiite Sands Proving Ground oti February 24, 

1949 and the WAC reached an altitude of 244 miles. Thus the WAC became the first 
recorded man-stiade object to enter extra-terrestriail space, and the "space age" could be 
said to have been epened In the U.S.A. in 1949. On July 24, 1950, a Bumper WAC became the 
first missile launched ftxm Cape Canaveral. 

VMle Sumnerfleld and I were concluding our "escape" scu-v* the Navy Bureau of 
Aeronautics on 12 Decaifcer 1945 made a ccaitract with JPL for st idles of a rocket vehicle 
for launching an Earth satellite. The work of the Navy and of JFj on this program can be 
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Hie EME-MAC Bocket Vehicle 


fswol in a dtet?»lled histcpical p^r by R, Cai^ll Ifall in this mime, Unfcrtunately, 

fcr tl» reasons he puts farmed, f tte Ma-^ dropped the pr«^rwn in 19^7. 

A Bunmary of the basic aspects of the physics of space fUglit as uMerstood at 

JH, in 19 A6 can be foaid in a paper by Seifert, Mills a«l SjatierfieM* A 'M.ded Missile 

and Upper Atuioi^iwe Spixjslum wm MM at JPL between fcrch 13-16 , 19^6 , in which eiperts 

76 

from all jarts of the USA participati n 
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ni. CX^CLUDING REMARKS 


There are many areas of research conducted under the ORDCIT Project that I Mve 
not discussed In detail, for exanple, wca?k on materials, chanistr^ of prqpellants, ramjet 
design, telemetering of data fTon missiles in fll^t and remote ccaitrol of missiles. The 
main reason is that my role in these domains was mainly of an administrative character 
and, therefore, those that led the actual work would best be able to shed li^t on this 
work. 

The preparation of my three memoirs on tlie origins and work the JPL betwen 
1936-46 has hel^tened my appreciati<ai of the diffi< ulties confronting historians of 
science and technology. Not only must historians understand the technical matters of a 
develqxnent, but they must make interpretations reqririrg wide historical perspective. If, 
in addition, these historians wish to portray the events accurately for the lay public as 
well as technical scholars, then their task is a most difficult one indeed — and if great 
care is not exercised, the truth will be replaced by myth. 

APH^IX 

CONIENTS OF CAIilECH’S PROPOSAL OF FEBRUARY 1944 
TO THE OREMNCE I^ARTMENT (cf. Reference 12) 

1. Theoretical investigations on the possible range as a function of the jnitial 
weight and the ratio between warhead and initial weight. It is especially necessai^/ to 
decide vrtiether pure projectiles or wing missiles or both types should be developed. 

2. Theoretical and experimental Investigations on stability and aerodynamic 
control. Study of tail stabilizers for projectiles and wing missiles; spinning devices 
for pure projectiles. 

3* Develcpnent of an adequate propulsion syst«n. Liquid rockets for Indefinite 
duration, and solid rockets up to 45-second duration liave been developed by the GALCIT 
Project and the Aerojet Engineering Corporation.... 

4. Study of the launching system; development of adequate guiding rails and 
auxiliary launching equipment. 

5. Construction of model projectiles of moderate size (300 to 2,000 pounds) in 
order to obtain data on drag, stability, propulsion efficiency and dispersion for the 
prototype project. 

6. Methods of remote control. 

7. Development of adequate experimental technique for flrln ^3 tests, execution of 
filing tests, and evaluation of results. 
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It is believed that the Institute could undertake the pursuit of these objec- 
tives. As far as ItOTis 1 to 5 are concerned, the Institute would undertake, vdth its own 
adequately enlarged personnel, theoietical and e^qjerlmental develof^nent work and would 
subcontract In the Los Angeles area the design and construction of launching equlpnent and 
actual models destined for firing tests. A preliminary survey of available shop and man- 
power faclllvdes in the local industry Indicates that such a procedure would be feasible. 
As to items 6 and 7 it will be necessary that the Ordnance Department select and maintain 
sites for the firing tests, furnish personnel and materials for executloii of the tests, 
and especially Instrumentation and personnel from the Ballistic Research Laboratory for 
the ballistic measurements. 

The laboratory development work should be carried out on a tract owned by the 
Institute adjoining the Air Corps Jet Propulsion Research Project. Arrple space is avail- 
able for the necessary facilities lor laboratory work and p^^und tests on propulsion 
systems. 

As a tentative proposal, the following items are respectfully subndtted: 

A. The Institute’s Responsibilities 

I. To fUmlsh conprehensive reports on the following itens: 

a. On the possible range and bombing load of large-size rockets. 

b. On stability and aerodyfiamics control of such rockets. 

On charact-vristics of adequate propulsion systtans. 

d. On the characteristics of various launching syst«ns. 

II. To design and ccr^^tmct the necessary facilities and carry out erperirnental 
research on propellants and materials involved in the design of long- 
duration rockets and athodyds; to carry out ground tests on the character- 
istics of such devices; to carry out and/or direct and supervise wind 
tunnel and airplane flight tests :.n cthodyds. 

III. To establish basic engineering date for the launching devices selected for 
firing tests. 

IV. To establish basic engineering data for the model projectiles to be used in 
firing tests. 

V. To supervise the design and construction of model projectiles and launching 
equipment subcontracted to engineering and manufacturing organizations 
selected by the Institute. 

VT. To set up a progr'dm for the firing tests arxi cooperate in carrying out the 
tests and evaluate the results based upon ai.1 proof data obtained. 

VII. a. To establish the specifications and basic engineering desi©i data for 
for one or more prototype units. 

b. To supewise the dci and construction of prototype units and per- 
tinent launching equipment by engiree^ing an^ manufacturing organiza- 
tions selected by the Institute. 
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B. The Qrdiiance Depansnent ' s Responsibilities 

I. To furnish the necesssry funds for the i'acilitles, mateiials, supplies, 
salaries, wages, and other expenses Includlnr: a fee covering the overhead 
involved by the general arinlnlstratlon of the Institute. 

II. To select, equip, and maintain suitable sites for firing tests. 

III. To furnish personnel, materials, and 'vipplles for execution uf the firing 
tests including the InstrumentaHon and personnel from the Ballii, .. j 
Research Ltbaratory for the nec.ossary ballistic measuranents and to be 
responsible for all safety precautions. 
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